Enhanced index tracking is a portfolio management which aims to construct the optimal portfolio to generate higher return than the benchmark index return at minimum tracking error without purchasing all the stocks that make up the index. The objective of this paper is to propose a two-stage mixed integer programming model to improve the existing single-stage mixed integer programming model for tracking FBMKLCI Index in Malaysia. The optimal portfolio performance of both models are determined and compared in terms of portfolio mean return, tracking error, excess return and information ratio. The results of this study indicate that the optimal portfolio of the proposed model generates weekly excess return over the benchmark FBMKLCI index return at minimum tracking error. Besides that, the proposed model is able to outperform the existing model in tracking the benchmark index.
INTRODUCTION
Index tracking is a popular type of portfolio management in stock market investment [1] . In index tracking, the fund managers and investors aim to construct the optimal portfolio to generate similar return with the benchmark index return without purchasing all the stocks that make up the index [2] . Tracking error is a risk measure of how closely the optimal portfolio return follows the benchmark index return [3] . In index tracking, the portfolio tracks the benchmark index perfectly if there is zero tracking error. The mixed integer programming model was introduced to construct the optimal portfolio for index tracking problem by minimizing the tracking error [2] . Different index tracking models have been developed and studied by the past researchers in tracking different stock market index [4] [5] [6] [7] [8] [9] .
Enhanced index tracking is an improved portfolio management which focuses on generating higher portfolio mean return than the benchmark index return besides minimizing the tracking error [10] . Tracking error and excess return of the portfolio over the benchmark index are two main elements in enhanced index tracking [11] [12] . The objective of this paper is to propose a two-stage mixed integer programming model to improve the existing single-stage mixed integer programming model [2, 10] for enhanced index tracking problem. The proposed model aims to outperform the existing model by generating higher portfolio mean return in tracking the benchmark index in Malaysia. The optimal portfolio performance of both models are determined and compared in terms of portfolio mean return, tracking error, excess return and information ratio. The rest of the paper is organized as follows. The next section describes the materials and methods used in this study. Section 3 discusses about the empirical results of the study. Section 4 concludes the paper.
MATERIAL AND METHOD

Material
FTSE Bursa Malaysia Kuala Lumpur Composite Index (FBMKLCI) is the leading indicator of the performance of the Malaysia stock market and economy that consists of 30 stocks listed on the Malaysian Main Market [13] . In this study, the data consists of weekly return of stocks in FBMKLCI Index from January 2012 until December 2015. This data is applied in the existing single-stage mixed integer programming model (index tracking) and the proposed two-stage mixed integer programming model (enhanced index tracking) for portfolio construction to track FBMKLCI Index in Malaysia. The optimization models are solved by using LINGO software [14] .
Index Tracking Model
An optimization model is a mathematical decision-making tool that aims to find the values of decision variables that optimize an objective function among the set of all values of the decision variables that satisfy the given constraints [15] [16] . Index tracking is a portfolio management that aims to construct the optimal portfolio by using the optimization model in order to generate similar return with the benchmark index return without purchasing all the index components. This objective can be achieved by minimizing the tracking error [2] [3] . A single-stage mixed integer programming model [2, 10] was introduced to minimize the tracking error for index tracking problem [17] [18] . The single-stage mixed integer programming model for index tracking is formulated as follows:
where E is the tracking error, T is the number of periods, Pt R is the return of the optimal portfolio at time t and It R is the return of the benchmark index at time t, i
x is the weight of stock i in the optimal portfolio,N is the total number of stocks, K is the number of stocks selected to track the benchmark index return, i Z is the binary integer, i L and i U are the lower and upper bounds of the investment proportion respectively on stock i.
Equation (1) is the objective function of the model which minimizes the tracking error.
Constraint (2) ensures that the number of stocks in the optimal portfolio is K. For constraint (5) ensures that the total weight of stocks invested is one. Constraint (6) ensures that weight of the stock in the optimal portfolio is positive.
Enhanced Index Tracking Model
Enhanced index tracking is a portfolio management which aims to generate higher portfolio mean return than the benchmark index return besides minimizing the tracking error [10, 19] .
In this study, a two-stage approach is adopted in enhanced index tracking by improving the existing single-stage model. The first stage aims to minimize the tracking error as introduced in the existing model [2, 18] . The second stage is proposed to maximize the portfolio mean return at minimum tracking error. The proposed two-stage mixed integer programming model for enhanced index tracking is formulated as follows: 
where E is the tracking error, T is the number of periods, P r is the mean return of the optimal portfolio, i r is the mean return of stock iin the optimal portfolio, Pt R is the return of the optimal portfolio at time t, It R is the return of the benchmark index at time t, it R is the return of stock i at time t, i
x is the weight of stock i in the optimal portfolio, N is the total number of stocks, K is the number of stocks selected to track the benchmark index return, i Z is the binary integer, i L and i U are the lower and upper bounds of the fund proportion respectively on stock i, * E is the optimal value of tracking error which is determined in the first stage,  is the allowable tolerance for tracking error.
Equation (7) is the objective function of the first stage model that minimizes the tracking error.
Equation (13) is the objective function of the second stage model that maximizes the mean return of the optimal portfolio. Constraint (8) and (14) ensure that the number of stocks in the optimal portfolio is K. For constraint (9) and ( (11) and (17) ensure that the total weight of stocks invested is one. Constraint (12) and (19) ensure that weight of the stock in the optimal portfolio is positive. For the second stage model, constraint (18) ensures that the tracking error is within the allowable tolerance based on the optimal value determined in the first stage model. In this study, the parameters are set as 
Portfolio Performance
Tracking error and mean return of the optimal portfolio are two elements in enhanced index tracking problem [11] [12] . Tracking error is the standard deviation of the difference between the returns of the portfolio and the returns of the benchmark index [20] [21] . The formula for tracking error is as follows. Excess return is defined as the difference between the portfolio mean return and benchmark index mean return which is formulated as follows [11, 22] .
I P r r ER   (22) whereER is the excess return, P r is the mean return of the optimal portfolio, I r is the mean return of the benchmark index.
The performance of the optimal portfolio is measured with information ratio [23] [24] . The information ratio is defined as the ratio of portfolio's excess mean return to the tracking error which is formulated as follows.
TE ER IR  (23) whereIR is the information ratio, ERis the excess mean return of the optimal portfolio over the mean return of the benchmark index, TE is the tracking error. Higher information ratio indicates higher performance of the optimal portfolio. Table 1 presents the stock selection in optimal portfolio by both index tracking and enhanced index tracking models to track FBMKLCI Index. As shown in Table 1 , the list of stocks with positive weights indicates that those stocks are selected by the models in constructing the optimal portfolio to track FBMKLCI Index in Malaysia. The optimal portfolios for both models consist of 10 stocks with different weights in tracking FBMKLCI Index. As shown in both Fig. 1 and Fig. 2 , both index tracking model and enhanced index tracking model give different weights of stock in the optimal portfolio. PBBANK is the most dominant stock in the optimal portfolios for both models. On the other hand, YTL is the smallest stock in the optimal portfolios for both models. Table 2 displays the optimal portfolio performance for enhanced index tracking model. As shown in Table 2 , the weekly mean return for FBMKLCI Index is 0.1974% based on the study period. The optimal portfolio for enhanced index tracking model tracks FBMKLCI Index with weekly mean return 0.2591% which is higher than the mean return of the index.
RESULTS AND DISCUSSION
This implies that the optimal portfolio for enhanced index tracking model is able to outperform FBMKLCI Index with weekly excess mean return 0.0617% at minimum tracking error 0.1751%. Table 3 presents the comparison of optimal portfolio performance between index tracking model and enhanced index tracking model. As shown in Table 3 , the enhanced index tracking model (0.2591%) gives higher portfolio mean return than the index tracking model (0.2070%). Therefore, the information ratio (ratio
